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(54) Waveguide input apparatus of two orthogonally polarized waves including two probes

attached to a common board

(57) A waveguide input apparatus (1) of two orthog-
onally polarized waves includes a waveguide (1a) having
two cavities passing through the outer wall thereof to the
interior, a first probe (5) provided protruding from aninner
wall of the waveguide (1a) via a first cavity so that the
leading end is parallel to a first plane of polarization (2),
a second probe (7) provided protruding from the inner
wall of the waveguide (1a) via a second cavity so that
the leading end is parallel to a second plane of polariza-
tion (3), and a circuit board (4) provided at the outer wall
of the waveguide (1a) so as to be parallel to the second
plane of polarization (3), and having the first probe (5)
and the second probe (7) connected thereto. A converter
for satellite broadcasting receiver employing this appa-
ratus is also provided.
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a waveguide
input apparatus of two orthogonally polarized waves.
More particularly, the present invention relates to im-
provement of a waveguide input apparatus of two orthog-
onally polarized waves characterized in the structure of
the waveguide input unit in a converter for satellite broad-
casting and communication receiver to receive two elec-
tromagnetic waves, each having a plane of polarization
orthogonal to each other, and a converter for satellite
broadcasting and communication receiver (termed "for
satellite broadcasting receiver" hereinafter) using such
a waveguide of two orthogonally polarized waves.

Description of the Background Art

[0002] An example of a conventional waveguide input
apparatus of two orthogonally polarized waves will be
described hereinafter with reference to Figs. 16A-16C.
Fig. 16A is a cross sectional view taken along cross sec-
tion S-S of Fig. 16C.

[0003] Awaveguide input apparatus 90 for two orthog-
onally polarized waves includes a waveguide 90a for in-
troducing a polarized wave, a probe 25 for receiving a
vertically polarized wave, attached to waveguide 90a in
a direction parallel to a plane of polarization 2 of a verti-
cally polarized wave, a probe 26 attached to waveguide
90a in a direction parallel to a plane of polarization 3 of
a horizontally polarized wave, a short bar 6, a circuit
board 27 connected to probe 25 and arranged at a mount
29a in a manner orthogonal to probe 25, a circuit board
28 connected to probe 26 and arranged at a mount 29b
in a manner orthogonal to probe 26, and a connecting
portion 31 for connecting circuit board 27 and circuit
board 28.

[0004] Waveguide 90a forms a short wall 8 at the inner
wall. Two probes 25 and 26 are attached to waveguide
90ain a direction parallel to the two planes of polarization
2 and 3, respectively. The connection between probes
25 and 26 and circuit boards 27 and 28 is effected ar-
ranging respective components in an orthogonal manner
(in skew lines). At the outer wall of waveguide 90a,
mounts 29a and 29b from which probes 25 and 26 pro-
trude, respectively, are provided. Circuit boards 27 and
28 are attached to mounts 29a and 29b, respectively.
Plane of polarization 2 and plane of polarization 3 re-
ceived by waveguide 90a are orthogonal to each other.
The vertically polarized wave corresponds to plane of
polarization 2, and the horizontally polarized wave cor-
responds to plane of polarization 3. Probe 25 and short
bar 6 are provided to feed vertically polarized waves and
transmit a polarized signal to the circuit board. Probe 26
and short wall 8 are provided to feed horizontally polar-
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ized waves and transmit a polarized signal.to the circuit
board.

[0005] Probes 25 and 26 receive two orthogonally po-
larized waves respectively. Probe 25 transmits the re-
ceived polarized signal of plane of polarization 3 to circuit
board 27. Probe 26 transmits the received polarized sig-
nal of plane of polarization 2 to circuit board 28. Circuit
board 28 provides a polarized signal to circuit board 27
via connection portion 31. Circuit board 27 combines the
polarized signal from probe 25 and the polarized signal
from circuit board 28.

[0006] Another example of a waveguide input appara-
tus of two orthogonally polarized waves will be described
with reference to Figs. 17A-17C. Fig. 17A is a sectional
view taken along a cross section T-T of Fig. 17C.
[0007] Awaveguide inputapparatus 100 of two orthog-
onally polarized waves includes a waveguide 100a,
probes 34 and 35 attached in a direction parallel to the
two planes of polarization 2 and 3 orthogonal to each
other, respectively, and a circuit board 32 connected to
probes 34 and 35, and arranged at a mount 33 at an
angle of approximately 45° to probes 34 and 35, respec-
tively.

[0008] Mount 33 of circuit board 32 formed at the outer
wall of waveguide 100a has circuit board 32 attached so
as to be 45° with respect to the two planes of polarization
2 and 3. Therefore, the two signals from two probes 34
and 35 are received by one circuit board 32. More spe-
cifically, probes 34 and 35 receive two orthogonally po-
larized waves respectively. Probe 34 transmits the re-
ceived polarized signal of plane of polarization 2 to circuit
board 32. Probe 35 transmits the received polarized sig-
nal of plane of polarization 3 to circuit board 32. Circuit
board 32 combines these polarized signals.

[0009] In order to amplify and combine the signals re-
ceived at probes 25 and 26 for output in the waveguide
input apparatus having an input structure described with
reference Figs. 16A-16C, a circuit for supplying the sig-
nals from probes 25 and 26 to respective one of circuit
boards 27 and 28 must be provided. Moreover, a signal
combine means at one circuit board 27 is needed and a
signal from the other circuit board 28 must be transmitted
to circuit board 27 with the combine means via a connec-
tion portion 31.

[0010] The above-described transmission of a signal
will increase the complexity of the circuit patterns and
structures. Furthermore, there is a possibility of increas-
ing signal loss and inducing interference since a polar-
ized signal has an extremely high frequency. The circuit
design may be extremely difficult since critical factors
must be taken into account for the arrangement of the
circuit pattern. In the assembly of awaveguide, two circuit
boards 27 and 28 must be attached, and particular care
must be exerted from the standpoint of high frequency
for connecting the boards to connection portion 3. The
task thereof is difficult, resulting in increase of the cost.
[0011] The waveguide input apparatus having the in-
put structure described with reference to Figs. 17A-17C
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is advantageous in that wiring for connecting two boards
is not required since there is only one board. However,
this apparatus requires the precise provision of (two)
holes for insertion of probes 34 and 35 at 45° about the
center plane with respect to mount 33 of circuit board 32.
The structure design of the mount will become compli-
cated. Also, a working skill of a high level is indispensa-
ble. This means that the working task will become difficult
with a more complex assembly task. As a result, the fab-
rication cost will be increased. Also, variation in the qual-
ity of the mass production becomes greater, so that the
performance requirement cannot be met unless adjust-
ment is carried out for each apparatus.

[0012] A converter for satellite broadcasting receiver
is known as an apparatus utilizing such a waveguide ap-
paratus of two orthogonally polarized waves. The con-
verter for satellite broadcasting receiver has the above-
described problems of the waveguide apparatus of two
orthogonally polarized waves.

SUMMARY OF THE INVENTION

[0013] Inview ofthe foregoing, an object of the present
invention is to provide a waveguide input apparatus of
two orthogonally polarized waves that allows the circuit
design to be facilitated, and a converter for satellite
broadcasting receiver using such a waveguide input ap-
paratus.

[0014] Another object ofthe presentinventionis to pro-
vide a waveguide input apparatus of two orthogonally
polarized waves that allows the circuit design and the
structure design of a probe attach portion to be facilitated
and a converter for satellite broadcasting receiver using
such a waveguide input apparatus.

[0015] A further object of the present invention is to
provide a waveguide input apparatus of two orthogonally
polarized waves that allows the circuit design, the struc-
ture design of a probe attach portion, and probe process
to be facilitated, and a converter for satellite broadcasting
receiver using such a waveguide input apparatus.
[0016] Still another object of the present invention is
to provide a waveguide input apparatus of two orthogo-
nally polarized waves that allows the circuit design, the
structure design of a probe attach portion, probe process,
and probe attachment to be facilitated and a converter
for satellite broadcasting receiver using such a
waveguide input apparatus.

[0017] A still further object of the present invention is
to provide a waveguide input apparatus of two orthogo-
nally polarized waves with low fabrication cost that allows
the circuit design, the structure design of a probe attach
unit, probe process, and probe attachment to be facili-
tated, and a converter for satellite broadcasting receiver
using such a waveguide input apparatus.

[0018] Yet a further object of the present invention is
to provide a waveguide input apparatus of two orthogo-
nally polarized waves with low material cost that allows
the circuit design, the structure design of the probe attach
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portion, probe process, and probe attachment to be fa-
cilitated, and a converter for satellite broadcasting receiv-
er using such a waveguide input apparatus.

[0019] Yetanother object of the present invention is to
provide a waveguide input apparatus of two orthogonally
polarized waves with low material cost and assembly
process cost that allows the circuit design, the structure
design of a probe attach portion, probe process, and
probe attachment to be facilitated, and a converter for
satellite broadcasting receiver using such a waveguide
input apparatus.

[0020] Yet a still further object of the present invention
is to provide a waveguide input apparatus of two orthog-
onally polarized waves with low fabrication cost and su-
perior in mass production that allows the circuit design,
the structure design of a probe attach portion, probe proc-
ess, and probe attachment to be facilitated, and a con-
verter for satellite broadcasting receiver using such a
waveguide input apparatus.

[0021] An additional object of the present invention is
to provide a waveguide input apparatus of two orthogo-
nally polarized waves with low fabrication cost and su-
perior in mass production and receiver characteristic that
allows the circuit design, the structure design of the probe
attach portion, probe process and probe attachment to
be facilitated, and a converter for satellite broadcasting
receiver using such a waveguide input apparatus.
[0022] A waveguide input apparatus of two orthogo-
nally polarized waves according to the present invention
includes a waveguide having one end open and another
end closed by a short wall, and into which a first polarized
wave and a second polarized wave are introduced, re-
spective first and second polarized waves having a first
plane of polarization and a second plane of polarization,
respectively, orthogonal to each other. The waveguide
has two cavities passing through the outer wall thereof
to the interior. The waveguide input apparatus of two or-
thogonally polarized waves further includes a first probe
provided protruding from the inner wall of the waveguide
via the first cavity so that the leading end is parallel to
the first plane of polarization, a second probe provided
protruding from the inner wall of the waveguide via the
second cavity so that the leading end is parallel to the
second plane of polarization, and a circuit board provided
at the outer wall parallel to the second plane of polariza-
tion, and connected to the first and second probes. The
same effect can be achieved with a converter for satellite
broadcasting receiver using this waveguide input appa-
ratus of two orthogonally polarized waves.

[0023] Since the first and second probes are connect-
ed to a common circuit board, the entire circuit for com-
bining the outputs of the first and second probes can be
formed on the common circuit board. Therefore, design-
ing is facilitated. Furthermore, the material cost is not
expensive since only one board is used. The probe can
be positioned more accurately within the waveguide
since the first and second probes are attached to the
waveguide after the first and second probes are both
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attached accurately to the circuit board. Therefore, favo-
rable receiver characteristic can be obtained.

[0024] Preferably, the second probe includes a core
conductor. The core conductor includes a first portion
from the circuit board, provided protruding at the inner
wall of the waveguide, and a leading end portion formed
bent from the leading end of the first portion so as to be
parallel to the second plane of polarization and substan-
tially at a right angle to the first plane of polarization.
Further preferably, the second probe has the first portion
formed parallel to the first plane of polarization and the
leading end formed in a bent manner to be substantially
at a right angle to the first portion and also to the first
plane of polarization.

[0025] The second probe can further include a dielec-
tric that covers the first portion of the core conductor. The
end portion of the dielectric at the leading end side of the
second probe can be formed as a portion of the inner
wall of the waveguide. The surface of the dielectric can
be covered with a metal thin film. The second probe can
be attached to the circuit board so that the leading end
portion of the second probe is capable of being deviated
within a predetermined angular range centered about the
direction orthogonal to the center axis of the waveguide
in a plane parallel to the second plane of polarization.
[0026] According to another aspect of the present in-
vention, a waveguide input apparatus of two orthogonally
polarized waves includes a waveguide to which a first
polarized wave and a second polarized wave respective-
ly having a first plane of polarization and a second plane
of polarization, orthogonal to each other are introduced,
and having one end open and another end closed by a
short wall. The waveguide has a first cavity passing
through afirst outer wall to its interior, and a second cavity
passing through a second outer wall to the interior. The
waveguide input apparatus of two orthogonally polarized
waves includes a first probe provided protruding from the
inner wall of the waveguide via the first cavity so that the
leading end is parallel to the first plane of polarization, a
second probe provided protruding from the inner wall of
the waveguide through the second cavity so that the lead-
ing end is parallel to the second plane of polarization,
and a circuit board portion having a first portion to which
the first probe is connected, a second portion to which
the second probe is connected, and a flexible portion
coupling the first and second portions.

[0027] The corner of the outer wall of the waveguide
in contact with the flexible portion of the circuit board is
preferably molded to a substantially rounded form.
[0028] The foregoing and other objects, features, as-
pects and advantages of the present invention will be-
come more apparent from the following detailed descrip-
tion of the present invention when taken in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029]
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Figs. 1A, 1B, an 1C are a front sectional view, a side
view, and a plan view, respectively, of a waveguide
input apparatus of two orthogonally polarized waves
according to a first embodiment of the present inven-
tion.

Figs. 2A shows the relationship between the input
frequency and the cross polarization characteristic
of the waveguide input apparatus of two orthogonally
polarized waves of the first embodiment of the
present invention.

Fig. 2B shows the relationship between the input fre-
quency and the input return loss of the waveguide
input apparatus of two orthogonally polarized waves
of the first embodiment of the present invention.
Fig. 3 is an exploded perspective view of the
waveguide input apparatus of two orthogonally po-
larized waves according to the first embodiment of
the present invention.

Fig. 4 is a schematic block diagram of a satellite
broadcasting converter using the waveguide input
apparatus of two orthogonally polarized waves ac-
cording to the first embodiment of the present inven-
tion.

Figs. 5, 6, 7 and 8 are front sectional views of a
waveguide input apparatus of two orthogonally po-
larized waves according tosecond, third, fourth and
fifth, embodiments, respectively, of the present in-
vention.

Fig. 9A, 9B, and 9C are a front sectional view, a side
view, and a plan view, respectively, of the waveguide
input apparatus of two orthogonally polarized waves
according to a sixth embodiment of the present in-
vention.

Figs. 10A, 10B and 10C are a front sectional view,
a side view, and a plan view, respectively, of a
waveguide input apparatus of two orthogonally po-
larized waves according to a seventh embodiment
of the present invention.

Figs. 11A and 11B are a plan view and a front sec-
tional view, respectively, of a waveguide input appa-
ratus of two orthogonally polarized waves according
to an eighth embodiment of the present invention.
Figs. 12A and 12B are a plan view and a front sec-
tional view, respectively, of a waveguide input appa-
ratus of two orthogonally polarized waves according
to a ninth embodiment of the present invention.
Fig. 13 is a front sectional view of a waveguide input
apparatus of two orthogonally polarized waves ac-
cording to a tenth embodiment of the present inven-
tion.

Figs. 14A and 14B are a plan view and a front sec-
tional view, respectively, of a waveguide input appa-
ratus of two orthogonally polarized waves according
to an eleventh embodiment of the present invention.
Figs. 15A and 15B are a plan view and a front sec-
tional view, respectively, of a waveguide input appa-
ratus of two orthogonally polarized waves according
to a twelfth embodiment of the present invention.
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Figs. 16A, 16B, and 16C are a front sectional view,
a side view, and a plan view, respectively, of a con-
ventional waveguide input apparatus of two orthog-
onally polarized waves.

Figs. 17A, 17B and 17C are a front sectional view,
a side view, and a plan view, respectively, of another
conventional waveguide input apparatus of two or-
thogonally polarized waves.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0030] A waveguide input apparatus 1 of two orthog-
onally polarized waves according to a first embodiment
of the present invention will be described hereinafter with
reference to Figs. 1A-1C. In Figs. 1A-1C and 16A-16C,
like elements are denoted by the same reference char-
acters allotted, and their names and functions are iden-
tical. Therefore, detailed description thereof will not be
repeated here.

[0031] One plane of polarization 3 (horizontally polar-
ized wave) and a circuit board 4 are located in parallel.
The other plane of polarization 2 (vertically polarized
wave) and two probes 5 and 7 are located in parallel.
Probes 5 and 7 are both connected to circuit board 4. A
leading end 10 of a core conductor 9 in probe 7 is bent
substantially at right angles protruding in a direction from
the inner wall of a waveguide 1a. Probe 7 is inserted from
the above of waveguide 1a into a cavity formed therein.
Figs. 1A-1C show the state where probe 7 is already
attached. As shown in Figs. 1A-1C, a cavity 1b is formed
in the state where probe 7 is attached. A zinc die cast,
an aluminum die cast, and the like is used mainly as the
material of waveguide 1a. As the material of probes 5
and 7, resin such as polyethylene and Teflon is mainly
used. As the material of core conductor 9, metal such as
brass, nickel and the like is mainly used.

[0032] According to the first embodiment, the two
probes 5 and 7 for receiving two orthogonally polarized
waves are connected to the same circuit board 4. The
two probes 5 and 7 are attached parallel to each other
in a direction orthogonal to the outer wall of waveguide
1a.

[0033] In contrast to the case where two probes 5 and
7 are connected to separate circuit boards, the circuit
design including the arrangement of the circuit pattern of
the combining process of two polarized waves which are
high frequency signals is simplified. The material cost
can be reduced since only one circuit board is required.
A waveguide input apparatus of two orthogonally polar-
ized waves with favorable cross polarization character-
istic and input return loss can be provided.

[0034] In contrast to the case where probes 5 and 7
are attached at an angle of 45° at the outer wall of the
waveguide, the object of the structure design of the probe
attach portion and process of the probe attachment can
be simplified using a hole that can be formed with a mold.
Also, the probe attach workability is improved. Thus, a
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waveguide input apparatus of two orthogonally polarized
waves can be provided that allows the assembly process
cost to be reduced and superior in mass production.
[0035] The relationship between the input frequency
and the cross polarization characteristic, and between
the input frequency and the input return loss of the
waveguide input apparatus of two orthogonally polarized
waves according to the present embodiment will be de-
scribed with reference to Figs. 2A and 2B in comparison
with a conventional case. In the waveguide input appa-
ratus of two orthogonally polarized waves according to
the present embodiment, consideration of a high level
for the arrangement of the circuit pattern for preventing
increase of signal loss and interference of polarized sig-
nals having high frequency is no longer required. There-
fore, the circuit pattern designing is simplified. The con-
sideration originated from a board manipulating a high
frequency signal is also not required in the assembly
process for mounting the circuit board. It is appreciated
from Figs. 2A and 2B that the cross polarization charac-
teristic and input return loss are improved than those in
the conventional waveguide input apparatus of two or-
thogonally polarized waves.

[0036] Fig. 3 is an exploded perspective view showing
the assembly structure of a converter 61 for satellite
broadcasting receiver using the waveguide input appa-
ratus of two orthogonally polarized waves according to
the first embodiment. Referring to Fig. 3, probes 5 and 7
are inserted into predetermined holes 1c and 1b, respec-
tively, of a chassis body 45 including a circular waveguide
1a. Here, circuit board 4 is mounted so that the core con-
ductors of probes 5 and 7 pass through respective holes
formed in circuit board 4. The core conductors of probes
5 and 7 are connected by soldering and the like to circuit
patterns 48 and 49, respectively, formed on circuit board
4. Circuit board 4 and a shield cover 46 are fixed to chas-
sis body 45 by screwing into holes 53 in chassis body 45
respective screws 47 via fixing holes 51 and 52. Circuitry
forming the converter is formed on the plane of circuit
board 4 facing chassis body 45. This circuitry will be de-
scribed briefly afterwards.

[0037] A cover 55 is attached all over chassis body 45
via a waterproof packing. An output terminal 44 is fixed
at the backside of chassis body 45. In inserting chassis
body 45 into waterproof cover 41, a fixing nut 43 is fitted
to output terminal 44 protruding from the backside via a
waterproof packing 42 to secure chassis body 45.
[0038] The vertically polarized wave and horizontally
polarized wave in circular waveguide 1a are reflected at
short bar 6 and short wall 8 and received by probes 5
and 7, respectively to be sent to the circuit forming the
converter on circuit board 4. The signal amplified on cir-
cuit board 4 and converted into a signal of intermediate
frequency is sent to output terminal 44 fixed to chassis
body 45 to be output.

[0039] Fig. 4 shows the circuit configuration of a con-
verter for satellite broadcasting receiver formed on circuit
board 4. Referring to Fig. 4, this converter 61 includes
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an LNA (Low Noise Amplifier) 62 for amplifying a signal
from probes 5 and 7, a filter 63 receiving the output from
LNA 62, a local oscillator 68, a mixer 64 for combining
the output signals from filter 63 and local oscillator 68 for
conversion into a signal with intermediate frequency, an
intermediate frequency amplifier 65 for amplifying an out-
put signal of mixer 64 for output via output terminal 44,
and a power supply 67 for supplying power to each circuit.
[0040] LNA 62 includes an amplifier 71 for amplifying
an output signal of probe 5, an amplifier 72 for amplifying
an output signal of probe 7, a switch 74 for switching
between the outputs of amplifiers 71 and 72 under control
of the operating voltage of the converter, and an amplifier
73 for amplifying the output of switch 74 and providing
the amplified output to filter 63.

[0041] The polarized wave introduced into waveguide
1ais provided to LNA 62 via probes 5 and 7. Either one
is selected by switch 74 to be provided to filter 63. The
output signal from filter 63 is combined with the output
signal from local oscillator 68 by mixer 64 to be converted
into a signal with intermediate frequency. This interme-
diate frequency signal is further amplified by intermediate
frequency amplifier 65 to be output via output terminal 44.
[0042] By using the waveguide input apparatus of two
orthogonally polarized waves according to the first em-
bodiment as the converter for satellite broadcasting re-
ceiver, the component cost of the waveguide input ap-
paratus of two orthogonally polarized waves is sup-
pressed to a low level. Since the assembly thereof is
easy, the fabrication cost of the converter itself can be
reduced. The usage of the waveguide input apparatus
of two orthogonally polarized waves of the first embodi-
ment provides the advantage that it is suitable for mass
production. Also,’the receiver characteristic is made fa-
vorable.

[0043] The converter shown in Figs. 3 and 4 is appli-
cable, not only to the waveguide input apparatus of two
orthogonally polarized wave of the first embodiment, but
alsoto the waveguide input apparatus of two orthogonally
polarized waves according to the second to twelfth em-
bodiments of the present invention. The advantage de-
scribed in respective embodiments can be achieved in
addition to, or as an alternative to, the advantage de-
scribed in the first embodiment.

[0044] A waveguide input apparatus of two orthogo-
nally polarized waves according to the second to fifth
embodiments of the present invention will be described
hereinafter with reference to Figs. 5-8 which are sectional
views corresponding to cross section I-I of Fig. 1C.
[0045] As shown in Fig. 5, a waveguide input appara-
tus 30 of two orthogonally polarized waves according to
the second embodiment of the present invention differs
from the waveguide input apparatus shown in Figs. 1A-
1Cinthatadielectric 11 around core conductor 9 of probe
7a forms a portion 12 of the inner wall of waveguide 30a
that seals the hole, and that partial portions 12 and 13 at
the surface of dielectric 11 are covered with thin film met-
als 12a and 13a, respectively. By adjusting the dielectric

10

15

20

25

30

35

40

45

50

55

constant of dielectric 11 so as to match the impedance
within the waveguide, and adjusting the bending angle
17 of core conductor 9 so as to match the impedance in
the waveguide, a higher performance can be maintained.
[0046] A waveguide input apparatus of two orthogo-
nally polarized waves according to a third embodiment
of the present invention will be described with reference
to Fig. 6. A waveguide input apparatus 40 of two orthog-
onally polarized waves of the third embodiment differs
from the waveguide input apparatus of two orthogonally
polarized waves shown in Figs. 1A-1C in that probe 7b
includes a dielectric 14 around core conductor 9 and a
conductor portion 15 forming a portion of the inner wall
of the waveguide. Similarly to the case of Fig. 5, probe
7b seals the hole in waveguide 40a. Conductor portion
15 and dielectric 14 are formed of separate members.
Conductor 15 is introduced after insertion of probe 7b. A
shoulder 15a is provided to prevent conductor 15 from
falling downwards. A higher performance can be main-
tained by using dielectric 14 having the dielectric constant
and configuration of bending portion 16 adjusted so as
to match the impedance in the waveguide, and by using
a core conductor having the bent angle adjusted.
[0047] A waveguide input apparatus of two orthogo-
nally polarized waves according to a fourth embodiment
of the present invention will be described with reference
to Fig. 7. A waveguide input apparatus 50 of two orthog-
onally polarized waves differs from the waveguide input
apparatus shown in Figs. 1A-1C in that a portion of core
conductor 9a of probe 7¢ has a configuration of a quad-
rant 18. In contrast to core conductor 9 having a perpen-
dicularly bent configuration as shown in Figs. 1A-1C, re-
flectance and interference of a signal within the core con-
ductor are reduced to achieve favorable impedance. This
means that a signal of a broader band of frequency can
be received in good shape and the return loss can be
reduced. Therefore, the receiver characteristic is im-
proved. Furthermore, the present embodiment provides
the advantage that the working process is easier than
that for a probe with a perpendicular bent portion. It is
suitable for mass production.

[0048] An example of a waveguide input apparatus of
two orthogonally polarized waves according to a fifth em-
bodiment of the present invention will be described with
reference to Fig. 8. A waveguide input apparatus 60 of
two orthogonally polarized waves differs from the
waveguide input apparatus of two orthogonally polarized
waves shown in Figs. 1A-1C in that a portion of core
conductor 9b of probe 7d has a configuration 19 bent
45°. Similar to the case of Fig. 7, reflectance and inter-
ference of a signal within the core conductor, particularly
at the bending portion, can be reduced to achieve favo-
rable impedance. Therefore, a signal of a broader band
of frequency can be received in good shape. Therefore,
the receiver characteristic is improved. The present em-
bodiment provides the advantage that the working proc-
ess is more easy than that of a probe with a perpendicular
bent portion. The waveguide input apparatus of the
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present embodiment is also superior in mass production.
[0049] According to the above-described second to
fifth embodiments, a waveguide input apparatus of two
orthogonally polarized waves that can achieve a further
favorable receiver characteristic can be provided by ap-
propriately selecting the material, structure, configuration
of the probes and the configuration of the core conductor.
[0050] A waveguide input apparatus of two orthogo-
nally polarized waves according to a sixth embodiment
of the present invention will be described with reference
to Figs. 9A-9C. Fig. 9A is a sectional view taken along
cross section IX-IX of Fig. 9C. Elements corresponding
to those of the waveguide input apparatus of two orthog-
onally polarized waves according to the first embodiment
described with reference to Figs. 1A-1C have the same
reference character allotted. Detailed description thereof
will not be repeated here.

[0051] A waveguide input apparatus 70 of the present
sixth embodiment differs from the waveguide input ap-
paratus of Figs. 1A-1C in that probe 5 is located parallel
to plane of polarization 2 (vertically polarized wave) and
at an angle of 45° to the other probe 20, and that the
configuration of leading end 21 of the core conductor of
probe 20 is adjusted so as to match the impedance within
waveguide 70a. Probe 20 is inserted into the hole in an
oblique direction of 45° in waveguide 70a. The length of
leading end 21 is selected to be insertable into the hole.
[0052] According to the sixth embodiment, the two
probes 5 and 20 for receiving two orthogonally polarized
waves are connected to the same circuit board 4a. Probe
5 is attached in a direction orthogonal to the outer wall
of waveguide 70a.

[0053] In contrast to the case where two probes are
connected to separate circuit boards, the circuit design
including the arrangement of the circuit pattern for the
combine process of two polarized waves which are high
frequency signals can be simplified. The material cost
can be reduced since only one circuit board is required.
A waveguide input apparatus of two orthogonally polar-
ized waves superior in cross polarization characteristic
and input return loss can be provided.

[0054] In contrast to the case where two probes are
attached at an angle of 45° with respect to each other at
the outer wall of a waveguide, the object of the structure
design of the attachment of one probe 5 and the object
of the working process of the attachment of probe 5 cor-
responds to a simple structure using a hole that can be
formed with a mold. The attachment workability of probe
5 is improved. Therefore, the assembly working process
cost can be reduced. A waveguide input apparatus of
two orthogonally polarized waves superior in mass pro-
duction can be provided.

[0055] A waveguide input apparatus of two orthogo-
nally polarized waves according to a seventh embodi-
ment of the present invention will be described hereinaf-
ter with reference to Figs. 10A-10C. Fig. 10A is a sec-
tional view taken along the cross section of X-X of Fig.
10C. Awaveguide input apparatus 80 of two orthogonally
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polarized waves differs from the waveguide input appa-
ratus of two orthogonally polarized waves according to
the first embodiment described with reference to Figs.
1A-1C in that a probe 23 is provided in a direction parallel
to the plane of polarization 3 of a horizontally polarized
wave, and that probes 5 and 23 are connected to a circuit
board 22 having a circuit board portion 22a and a circuit
board portion 22b coupled by a flexible board 24. Assem-
bly is implemented by connecting circuit board 22 to
probes 5 and 23 after probes 5 and 23 are attached. The
present invention is not limited to the illustrated example
where circuit board 22 is coupled by flexible board 24.
Circuit board 22 may be a circuit board formed integrally
in a similar configuration. Preferably, the corner of the
waveguide 80a corresponding to the portion 24 has a
round shape.

[0056] According to the seventh embodiment, two
probes receiving two orthogonally polarized waves are
connected to the same circuit board 22. The two probes
5 and 23 are attached in a direction orthogonal to respec-
tive outer walls of the waveguide.

[0057] Therefore, in contrast to the case where two
probes are connected to separate circuit boards, the cir-
cuit design including arrangement of the circuit pattern
for the combine process of two polarized waves which
are high frequency signals can be simplified. The material
cost can be reduced since only one circuit board is re-
quired. A waveguide input apparatus of two orthogonally
polarized waves superior in cross polarization character-
istic and input return loss can be provided.

[0058] In contrast to the case where two probes are
attached at an angle of 45° with respect to each other at
the outer wall of a waveguide, the object of the structure
design of the probe attachment and the object of the
working process of the probe attachment has a simple
structure using a hole that can be formed with a mold.
The probe attachment workability is improved. There-
fore, the assembly process cost can be reduced. A
waveguide input apparatus of two orthogonally polarized
waves can be provided superior in mass production.
[0059] A waveguide input apparatus of two orthogo-
nally polarized waves according to an eighth embodiment
of the present invention will be described with reference
to Figs. 11A-11B. Fig. 11B is a sectional view taken along
line XI-XI of Fig. 11A. Elements similar to those of the
waveguide input apparatus of two orthogonally polarized
waves according to the first embodiment of the present
invention shown in Figs. 1A-1C have the same reference
characters allotted. Detailed description thereof will not
be repeated here.

[0060] Awaveguideinputapparatus 110 of two orthog-
onally polarized waves of the present eighth embodiment
differs from waveguide input apparatus 1 of two orthog-
onally polarized waves according to the first embodiment
shown in Figs. 1A-1C in that a leading end 10e of a probe
7eis attached deviated by a predetermined angle a.about
the core axis of probe 7e in a plane including the center
axis of the waveguide and leading end 10e, and parallel



13 EP 1 653 551 A1 14

to the plane of polarization of a horizontally polarized
wave.

[0061] By deviatingleading end 10e by a certain angle,
the distance between leading end 10e and each compo-
nent, particularly the leading end of probe 5, short bar 6,
and short wall 8 is altered to improve the characteristic
depending upon the angle. The angle of obtaining favo-
rable characteristic differs depending upon the dimen-
sion of each component and variation thereof, the wave-
length of the polarized wave of interest, and the like. Itis
appreciated that favorable characteristics cannot be ob-
tained with a relatively great angle. This angle o is pref-
erably within approximately =20°, further preferably with-
in approximately =10° with respect to the attached angle
in the first embodiment as 0°. By attaching probe 7e at
an angle within this range where favorable characteristic
is obtained, error due to variation of the components at
the time of fabrication can be eliminated. Therefore, a
waveguide input apparatus of two orthogonally polarized
waves with favorable characteristic can be obtained.
[0062] A waveguide input apparatus of two orthogo-
nally polarized waves according to a ninth embodiment
of the present invention will be described with reference
to Figs. 12A and 12B. Fig. 12B is a sectional view taken
alongline XlI-Xll of Fig. 12A. Components similar to those
of the waveguide input apparatus of two orthogonally po-
larized waves according to the first embodiment de-
scribed with reference to Figs. 1A-1C have the same ref-
erence characters allotted. Detailed description thereof
will not be repeated here.

[0063] Awaveguideinputapparatus 120 of two orthog-
onally polarized waves according to a ninth embodiment
of the present invention differs from waveguide input ap-
paratus 1 of two orthogonally polarized waves according
tothefirstembodiment shownin Figs. 1A-1Cinthat cavity
1b shown in Figs. 1A-1C is absent and a deep groove
120b having a size and depth in which the leading edge
10 of probe 7 can be inserted vertically is formed where
probe 7 is to be provided. Another difference is that a cut
120c is formed at the leading end (the deepest portion)
in deep groove 120b so that leading end 10 of probe 7
protrudes into waveguide 1a. The size of cut 120c is se-
lected so that leading end 10 can pass therethrough.
[0064] By inserting probe 7 deep into deep groove
120b vertically and then sliding probe 7 towards the in-
terior of waveguide 1a, leading end 10 of probe 7 projects
through cut 120c to protrude into waveguide 1a. The por-
tion of cut 120c other than leading end 10 is blocked by
the circumference of probe 7. Such a structure provides
the advantage that the cavity formed at the inner wall of
waveguide 1a is reduced in size, and the major portion
of the inner wall can be formed integrally with the metal
conductor. In contrast to the apparatus of the first em-
bodiment, further favorable receiver characteristic and
cross polarization characteristic can be maintained.
[0065] A waveguide input apparatus of two orthogo-
nally polarized waves according to a tenth embodiment
of the present invention will be described with reference
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to Figs. 13. Fig. 13 is afront sectional view corresponding
to the cross section taken along line XII-XII of Fig. 12A.
Components corresponding to those of the waveguide
input apparatus of two orthogonally polarized waves ac-
cording to the ninth embodiment described with refer-
ence to Figs. 12A-12B have the same reference charac-
ters allotted. Therefore, detailed description thereof will
not be repeated here.

[0066] A waveguide inputapparatus 130 of two orthog-
onally polarized waves of the tenth embodiment differs
from the waveguide input apparatus 120 of two orthog-
onally polarized waves according to the ninth embodi-
ment shown in Figs. 12A-12C in that a metal conductor
130 is inserted by compression into a cavity formed after
probe 7 inserted into deep groove 120b shown in Figs.
12A-12C is slid and fixed. By inserting metal conductor
131 into the cavity by compression, the transmission loss
can be reduced since the transmission impedance can
be improved. Thus, receiver characteristic and cross po-
larization characteristic more favorable than those in the
apparatus of ninth embodiment can be maintained.
[0067] A waveguide input apparatus of two orthogo-
nally polarized waves according to an eleventh embod-
iment of the present invention will be described with ref-
erence to Figs. 14A-14B. Fig. 14A is a front sectional
view of a cross section taken along line XIV-XIV of Fig.
14A. In the present drawings, components correspond-
ing to those of the input apparatus of two orthogonally
polarized waves of the ninth embodiment shown in Figs.
12A and 12B have the same reference characters allot-
ted. Detailed description thereof will not be repeated
here.

[0068] A waveguide inputapparatus 140 of two orthog-
onally polarized waves according to the eleventh embod-
iment differs from waveguide input apparatus 120 of two
orthogonally polarized waves according to the ninth em-
bodiment of the present invention shown in Figs. 12A-
12B in that connection hole 141 of probe 7 formed at
circuit board 142 has a configuration of an ellipse aligned
with the major axis in the sliding direction of probe 7. This
ellipse configuration allows the length L of the portion of
leading end 10 protruding into the waveguide to be ad-
justed before probe 7 is fixed to.circuit board 142 by sol-
dering and the like. By this configuration, the impedance
within the waveguide and between probes can be adjust-
ed. Receiver characteristics and cross polarization char-
acteristics more favorable than those of the waveguide
input apparatus of two orthogonally polarized waves of
the ninth embodiment can be maintained. The configu-
ration of connection hole 141 being an ellipse allows the
position of probe 7 to be adjusted after fabrication of the
waveguide input apparatus of the two orthogonally po-
larized waves.

[0069] A waveguide input apparatus of two orthogo-
nally polarized waves according to a twelfth embodiment
of the present invention will be described with reference
to Figs. 15A and 15B. Fig. 15B is a front sectional view
taken along line XV-XV of Fig. 15A. In the drawings, com-
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ponents corresponding to those of the waveguide input
apparatus of two orthogonally polarized waves of the
ninth embodiment described with reference to Figs. 12A-
12B have the same reference characters allotted. De-
tailed description thereof will not be repeated here.
[0070] Awaveguide inputapparatus 150 of two orthog-
onally polarized waves of the twelfth embodiment differs
from waveguide input apparatus 120 of two orthogonally
polarized waves according to the ninth embodiment
shown in Figs. 12A-12B in that the inner wall of a deep
groove similar to deep groove 120b shown in Figs. 12A
and 12B is covered with a dielectric 151 to form a thin
deep groove 152 having a size and depth in which the
bent portion of core axis 9 can be inserted in a vertical
direction (in the direction of the depth of the deep groove).
Thin deep groove 152 has an opening towards the interior
of the waveguide in the proximity of the bottom.

[0071] According to the above-described structure,
leading end 10 can be made to protrude into the
waveguide by sliding core axis 9 after it is inserted into
thin deep groove 152. The inner wall of the deep groove
portion is covered with dielectric 151. The transmission
impedance can be improved with the core conductor and
dielectric 151. Receiver characteristic and cross polari-
zation characteristic further preferable than those of the
waveguide input apparatus of two orthogonally polarized
waves of the ninth embodiment can be maintained.
[0072] Inthe above second to twelfth embodiments of
the presentinvention, a converter for satellite broadcast-
ing receiver using a waveguide input apparatus of two
orthogonally polarized waves was not described. How-
ever, like the converter for satellite broadcasting receiver
described in the first embodiment, a similar converter can
be realized without any undue modification by using the
waveguide input apparatus of two orthogonally polarized
waves described in respective embodiments. It is under-
stood that a similar advantage can be provided.

[0073] Although the present invention has been de-
scribed and illustrated in detail, it is clearly understood
that the same is by way of illustration and example only
and is not to be taken by way of limitation, the spirit and
scope of the present invention being limited only by the
terms of the appended claims.

Claims

1. A waveguide input apparatus (1, 30, 40, 50, 60, 70,
110, 120, 130, 140, 150) of two orthogonally polar-
ized waves comprising:

a waveguide (1a, 30a, 40a, 50a, 60a, 70a) into
which a first polarized wave and a second po-
larized wave respectively having a first plane of
polarization (2) and a second plane of polariza-
tion (3) orthogonal to each other are introduced,
and having one end open and another end
closed by a short wall (8), said waveguide (1a,
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30a, 40a, 50a, 60a, 70a) having two cavities
passing through an outer wall thereof to its inte-
rior,

a first probe (5) provided protruding from an in-
ner wall of said waveguide (1a, 30a, 40a, 50a,
60a, 70a) via a first said cavity so that a leading
end is parallel to said first plane of polarization
2),

a second probe (7, 7a, 7b, 7c, 7d, 7e, 20) pro-
vided protruding from the inner wall of said
waveguide (1a, 30a, 40a, 50a, 60a, 70a) via a
second said cavity so that a leading end is par-
allel to said second plane of polarization (3), and
a circuit board (4, 4a, 142) provided at said outer
wall to be parallel to said second plane of polar-
ization (3), and connected to said first probe (5)
and said second probe (7, 7a, 7b, 7c, 7d, 7e, 20),
wherein said second probe (7, 7a, 7b, 7c, 7d,
7e, 20) comprises a core conductor (9, 9a, 9b,
9e), said core conductor (9, 9a, 9b, 9e) including
a first portion extending from said circuit board
(4, 4a, 142) and provided protruding at said inner
wall side of said waveguide (1a, 30a, 40a, 50a,
60a, 70a), and

a leading end (10, 21) bent from a leading end
of said first portion so as to be parallel to said
second plane of polarization (3), and substan-
tially at a right angle to said first plane of polar-
ization (2).

The waveguide input apparatus (1, 30, 40, 50, 60)
of two orthogonally polarized waves according to
claim 1, wherein said first portion of said second
probe (7, 7a, 7b, 7c, 7d, 7e) is formed to be parallel
to said first plane of polarization (2), and

wherein said leading end (10) of said second probe
(7,7a,7b, 7c, 7d) is bent to be substantially at a right
angle to said first portion and in a direction substan-
tially at a right angle to said first plane of polarization

).

The waveguide input apparatus (1, 30, 40, 50, 60,
70, 110, 120, 130, 140, 150) of two orthogonally po-
larized waves according to claim 1,

wherein said second probe (7, 7a, 7b, 7c, 7d, 7e, 20)
further comprises a dielectric (11, 14) covering said
first portion of said core conductor (9, 9a, 9b, 9e).

The waveguide input apparatus (30, 70) of two or-
thogonally polarized waves according to claim 3,
wherein an end portion of said dielectric (11) at said
leading end (10, 10e) side of said second probe (7a,
20) is formed as a portion of said inner wall of said
waveguide (30a, 70a).

The waveguide input apparatus (40) of two orthog-
onally polarized waves according to claim 3, wherein
said second probe (7b) further comprises a conduc-
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tor (15) attached to said dielectric (14), and filling a
portion remaining in said second cavity when said
core conductor (9) and said dielectric (14) are insert-
ed into said second cavity.

The waveguide input apparatus (40) of two orthog-
onally polarized waves according to claim 5, wherein
said waveguide (40a) includes a shoulder at an inner
wall of said second cavity, formed towards the inte-
rior at a portion filled with said conductor,

wherein said conductor (15) includes a stepped por-
tion abutted against said shoulder at the inner wall
of said second cavity.

A converter (61) for satellite broadcasting receiver
comprising:

the waveguide input apparatus (1, 30, 40, 50,
60, 60, 70, 110, 120, 130, 140, 150) of two or-
thogonally polarized waves according to any of
claims 1 to 6, and

a satellite broadcasting receiver converter cir-
cuit receiving an output of said waveguide input
apparatus (1, 30, 40, 50, 60, 70, 110, 120, 130,
140, 150) of two orthogonally polarized waves.
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